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Abstract
Background Trabecular bone score (TBS), as a tool for measurement of bone microarchitecture, represents fracture risk inde-
pendently of bone density. The aim of this study was to estimate the reference values of TBS in both genders among the Iranian
population to evaluate osteoporotic fractures in the future.
Methods The study was performed on healthy Iranian subjects who live in urban areas of Bushehr city, the capital of Bushehr
province in southwestern Iran. The participants in this study were selected through a multistage, age and sex stratified, cluster
random sampling. The TBS of L1-L4 was assessed by spine DXA images using TBS iNsight software (Discovery WI, Hologic
Inc, USA). Age-related models of TBS were constructed using piecewise linear regression analysis.
Results In total, 691 participants aged ≥ 18 years (381 men and 310 women) were selected for the study. The mean and standard
deviation (SD) of TBS value for men was 1.420 ± 0.094 and the age at the peak TBS was 30.0 years. Among women, the
corresponding value for the mean of TBS was 1.428 ± 0.070 and the age at the peak TBS was 24.5 years. Two SDs below the
mean of TBS were 1.326 in men and 1.357 in women. Therefore, the following normal range for TBS values has been proposed:
Among men, TBS ≥ 1.326 is considered to be normal; TBS between 1.231 and 1.326 is considered to be partially degraded
microarchitecture; and TBS ≤ 1.231defined degraded microarchitecture. Among women, TBS categories are defined as normal ≥
1.357, partially degraded between 1.287 and 1.357 and degraded ≤ 1.287.
Conclusions This was the first study to propose evaluation of the normal range for TBS values in both genders in theMiddle- East
and Iran. According to our results: TBS ≤ 1.231 in men and TBS ≤ 1.287 in women is considered to be degraded
microarchitecture among the Iranian population.
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Introduction
Osteoporosis as a high prevalence skeletal disease, defined
by the presence of low bone mass and micro-architectural
deterioration of bone tissue, and now up to 9 million oste-
oporotic fractures occur annually and mortality is more
than 20 percent in the first years following a fracture [1].
Currently, the diagnosis and monitoring of osteoporosis in
clinical practices is based on the assessment of bone min-
eral density (BMD) by dual energy X-ray absorptiometry
(DXA) [2, 3]. Although the risk of fracture increases sig-
nificantly with decreasing BMD, several studies verified
that osteoporotic fractures occur across a wide spectrum
of BMD [4–6]. Most fractures occur in the much larger
group of individuals who do not fulfill the criteria for os-
teoporosis or even normal range of BMD value [7].
Consequently, using only BMD is inappropriate to differ-
entiate subjects at risk of fracture from healthy subjects.
The main determinant factor of fracture risk is bone strength
which is dependent on bone massand bone microarchitecture;
due to this, only 70–75%of bone strength variation is illustrated
by BMD, the remainder could be associated to bone quality
parameters such as accumulation of micro-fractures, modified
bone microarchitecture, mineral properties and bone remodel-
ing disorders [8, 9]. Evaluation of bone microarchitecture re-
quires certain methods such as high-resolution quantitative
computed tomography (QCT), or trans-iliac bone biopsy with
histomorphometry, which can be useful in the field of research,
but there is little evidence to prove that they would gain any
advantages in clinical practice for predicting fracture risk [10].
Trabecular bone score (TBS) is a textural index that evaluates
pixel gray level variations in the lumbar spine DXA image with
proprietary software, providing an indirect index of trabecular
microarchitecture [11] .
Several studies have showed that vertebral fracture diagno-
sis is significantly increased by the combination of TBS and
BMD compared with BMD alone [12, 13]. TBS can be used
to predict future fracture risk in combination with BMD to
increase the number of patients with well-identified risk.
Furthermore, it is beneficial to improve the management of
patients with secondary osteoporosis in which bone quality
has a greater impact than bone quantity [14].
Therefore, TBS data is required for clinical use, as a refer-
ence value for populations around the world. However, few
studies have reported normative values of TBS in France,
Japan, and the USA, particularly among women [15–17].
Therefore, epidemiologic features of TBS such as age and
sex-related changes in different ethnicities should be assessed
throughout the world. On the other hand, as yet there is no
available reference value of TBS for men in the Middle East.
So far, this study aimed to develop age-related normative ref-
erence values for TBS in both genders in a population-based
study in Iran.
Materials and methods
The study was performed with the participation of healthy
Iranian subjects who live in urban areas of Bushehr city, the
capital of Bushehr province in southwestern Iran. The partici-
pants aged > = 18 years were selected usingmultistage, age and
sex-stratified, cluster random sampling. All individuals were
evaluated for eligibility criteria. We selected subjects who did
not have any metabolic diseases (cardiovascular disease, diabe-
tes, and hypertension), any kind of cancer and they were not
taking any medications that may affect muscle functions or
weight (corticosteroids, bisphosphonates, parathyroid hor-
mone, calcium, and vitamin D). Also, we included subjects
with a body mass index (BMI) between 18 and 30 Kg/m2.
Among the 920 individuals who were invited, a total of 818
attended the clinic (response rate: 88.9%). All individuals were
evaluated for the eligibility criteria. The study was approved by
the National Institute for Medical Research Development. A
written informed consent was signed by all the participants.
Measurements
The participants were interviewed by trained nurses and then
they completed a questionnaire regarding socio-demographic
data, lifestyle factors, history of medical and drug use.
Anthropometric measurements were taken with shoes re-
moved and with the participants wearing light clothing.
Height and weight were measured with a fixed stadiometer
and a digital scale according to the standard protocol. A flex-
ible circumference measuring tape was used to measure waist
circumference (WC); at a point midway between the iliac crest
and the lowest rib in the standing position, and the hip circum-
ference was measured at the widest part of the hips [18].
Body composition for each participant was measured using
dual x-ray absorptiometry (DXA, DiscoveryWI, Hologic Inc,
USA). The BMD was measured at the lumbar spine (L1-L4),
proximal femur and total hip. According to the rules of the
International Society for Clinical Densitometry (ISCD) we
excluded vertebral fractures or degenerative changes with a
1 standard deviation (SD) BMD from immediately adjacent
vertebra[19].
Also, the TBS of L1-L4 was assessed using TBS iNsight®
software installed on our dual x-ray absorptiometry (DXA)
machine (Discovery WI, Hologic Inc, USA). The procedure
was carried out by a trained operator and in accordance to the
manufacturer’s instructions and the time required for the eval-
uation of each person was 20 min.
Statistical analysis
The normality of distribution of TBS and lumbar spine BMD
(LS-BMD) was assessed using of Shapiro-Wilk test. Data are
shown as mean ± SD or percentages according to distribution.
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Comparisons between groups were made using a t-test for
continuous variables and the chi-squares tests for percentages.
The piecewise linear regression model was developed to
represent an age-related change in TBS. A cutoff of the seg-
ments was determined by utilizing “Segmented package” in R
software. The number of segments of this model was set to
three, by the scatter gram of TBS against age. Then, the peak
of TBS was determined by fitting a linear regression model in
the segment including the peak of TBS for each gender group
and the mean of the predicted values was considered as the
peak of TBS. Two SDs below the mean of TBS in both gen-
ders are considered as the cutoff values of TBS for low-quality
bone. The values between one SD and two SDs below mean
TBS is considered as intermediate bone quality and the values
higher than one SD below mean of TBS was defined as nor-
mal bone quality.
The analysis was performed using STATA (Release
12.Statistical software, College Station, Texas: STATA Corp
LP) and R (R I 386 3, 5, 1).
Results
In total, 691 participants with a mean age 52.12 ± 19.48 were
included in the analysis. Characteristics of the study popula-
tion are presented in Table 1. There was a significant differ-
ence in waist circumference, weight, and height between men
and women. Also, TBS L1-L4, BMDs of lumbar spine and
femoral neck in men were higher than in women.
Correlation coefficients between TBS and demographic
and BMD variables are shown in Table 2. There is a negative
correlation between TBS and age and the Pearson’s correla-
tion coefficient between TBS and age was larger among wom-
en than men (in women r = -0.548, 95% CI: -0.622 to -0.465
and in men r = -0.283 95% CI: -0.373 to -0.187. TBS showed
a significant positive correlation with LS-BMD and femoral
neck BMD (FN-BMD) in both genders. Both correlations of
TBS and LS-BMD (0.793 vs. 0.688) and FN-BMD (0.530 vs.
0.445) were stronger among women than men.
The decreasing trends of TBS and LS-BMD with increas-
ing age were observed in Table 3. The means of TBS and LS-
BMD decreased in age group 18–24 years to age group 80 +
years in both genders.
The three-piecewise linear regression model was devel-
oped to represent an age-related change in TBS of both gen-
ders. Based on these models, age points with the highest TBS
values are estimated (Fig. 1]. Themean and standard deviation
(SD) of TBS value for men was 1.420 ± 0.094 and the age at
the peak TBS was 30.0 years. Among women, the corre-
sponding value for the mean of TBS was 1.428 ± 0.070 and
the age at the peak TBS was 24.5 years. Two SDs below the
mean of TBS were 1.326 in men and 1.357 in women.
Therefore, the following normal range for TBS values has
been proposed: Among men, TBS ≥ 1.326 is considered to be
normal; TBS between 1.231 and 1.326 is considered to have
partially degraded microarchitecture, and TBS ≤ 1.231defined
degraded microarchitecture.
Among women, TBS categories are defined as normal ≥
1.357, partially degraded between 1.287 and 1.357 and de-
graded ≤ 1.287 (Table 4]. According to this categorization,
16.2% of all participants (6.6% of men and 27.9% of women)
had low-quality bone.
Discussion
This study reported the peak and cutoff of TBS in a general
representative population. The peak of TBS was observed at
near 24 years old in women and around 30 years old in men.
We used pricewise regression for estimation of cutoff for low
quality microarchitecture in a representative sample of general
population. Although, we found a similar peak bone trabecu-
lar score in both sexes, the cutoff for low quality bone that wasTable 1 Characteristics of study population according to gender
Men (n = 381) Women(310) P-value
Age (Year) 53.76 ± 19.06 50.11 ± 19.83 0.014
Weight (Kg) 71.98 ± 10.55 61.35 ± 9.63 < 0.001
Height (cm) 168.64 ± 7.47 156.06 ± 8.10 < 0.001
Body mass Index 25.24 ± 2.79 25.12 ± 3.05 0.590
Waist circumference (cm) 92.07 ± 8.82 89.81 ± 10.60 0.003
Hip circumference (cm) 98.69 ± 7.19 99.64 ± 6.97 0.080
Smoking (%) 104(27.5%) 44(14.2%) < 0.001
TBS L1-L4 1.38 ± 0.10 1.36 ± 0.12 0.040
BMD L1-L4 (gr/cm2) 0.96 ± 0.15 0.90 ± 0.17 < 0.001
BMD Femoral neck ( gr/cm2) 0.79 ± 0.17 0.68 ± 0.16 < 0.001
TBS; Trabecular Bone Score, Data shown are mean ± standard deviation
or number (percent)
Table 2 Correlation coefficients between TBS and demographic and
BMD variables in study population
Age Weight Height BMI LS-BMD FN-BMD
Men
TBS -0.282 0.189 0.043 -0.09 0.688 0.445
P-Value < 0.001 < 0.001 0.408 0.074 < 0.001 < 0.001
Women
TBS -0.548 0.402 0.184 -0.09 0.793 0.530
P-Value < 0.001 < 0.001 0.001 0.09 < 0.001 < 0.001
TBS; Trabecular bone score, LS-BMD; lumbar spine(L1-L4) bone min-
eral density, FN-BMD; femoral neck bone mineral density, BMI; body
mass index
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Fig. 1 Scatter plots of Trabecular Bone Score (TBS) of lumbar spine against age with a piecewise linear regression line in men and women
Table 3 Mean values of TBS and
lumbar spine bone mineral
density among different age
groups
Male
N = 381
Female
N = 310
Age groups N TBS LS-BMD
( gr/cm2)
TBS LS-BMD
(gr/cm2)
Mean SD Mean SD Mean SD Mean SD
< 20 years 30 1.443 0.080 0.986 0.140 1.414 0.066 0.929 0.144
20–25 years 47 1.405 0.103 0.943 0.178 1.443 0.076 0.986 0.111
25–29 years 58 1.424 0.093 0.990 0.135 1.454 0.067 1.013 0.097
30–34 years 53 1.431 0.110 1.034 0.158 1.410 0.092 0.941 0.130
35–39 years 52 1.397 0.111 0.993 0.143 1.440 0.088 0.997 0.133
40–44 years 34 1.391 0.076 0.935 0.120 1.381 0.112 0.930 0.163
45–49 years 39 1.360 0.095 0.900 0.136 1.336 0.071 0.921 0.145
50–54 years 20 1.414 0.096 0.981 0.126 1.369 0.073 0.931 0.162
55–59 years 23 1.365 0.102 0.936 0.170 1.404 0.073 1.042 0.156
60–64 years 115 1.363 0.090 0.953 0.144 1.307 0.111 0.832 0.143
65–69 years 100 1.354 0.091 0.966 0.148 1.288 0.095 0.834 0.160
70–74 years 45 1.342 0.083 0.911 0.135 1.291 0.130 0.836 0.210
75–79 years 45 1.350 0.087 0.916 0.133 1.319 0.147 0.779 0.271
80 + years 30 1.350 0.077 0.976 0.178 1.232 0.072 0.678 0.131
TBS: Trabecular Bone Score, LS-BMD: Lumbar Spine Bone Mineral Density, SD: Standard Deviation
J Diabetes Metab Disord (2020) 19:493–498496
determined by two standard deviations lower than the mean
peak of TBS, also the intermediate quality of bone that was
defined by more than one standard deviation to two standard
deviations lower than the mean peak of TBS were different
between genders. Among men, TBS ≥ 1.326 is considered to
be normal; TBS between 1.231 and 1.326 is considered to be
partially degraded microarchitecture, and TBS ≤ 1.231defined
degraded microarchitecture.
Among women, TBS categories are defined as normal ≥
1.357, partially degraded between 1.287 and 1.357 and de-
graded ≤ 1.287. The cutoff TBS for male was lower than fe-
male (1.28 vs. 1.23 for women and men, respectively).
Trabecular bone score is a newly introduced parameter for
evaluating bone microarchitecture quality. By adding this pa-
rameter to exist predicting fracture models such as FRAX, it
may improve the accuracy of these models [20]. In a meta-
analysis, McCloskey et al. assessed that a cutoff of 1.23 (the
lowest tertile) for TBSwas useful for prediction of fractures and
TBS had added value to FRAX [21]. In another study on hy-
perparathyroidism post-menopausal women, the values of ≤
1.24 and ≥ 1.35 were considered as cutoff values of TBS for
degraded microarchitecture and normal bone quality, respec-
tively [11]. It seems like a sound method could be applied for
detecting peak TBS and its cutoff for low bone quality. We
have followed the method that was utilized for the definition
of osteoporosis based on the bone mineral mass [22]. Recently,
another study in the Australian population found reference
ranges for TBS among men and women. These cut-points were
lower than our cut-points for a determination of partially de-
graded microarchitecture and degraded microarchitecture in
men and women [23]. In men, these cutoffs were 1.003 and
1.201 and in women, 1.157 and 1.302, respectively. It seems
that ethnicity is an important factor in bone quality [24].
A strong correlation between TBS and LS-BMD was ob-
served, similar to other studies [16, 25]. This relationship ismore
prominent in females. Moreover, the relationship between TBS
and age was stronger among women than in the men. It may be
explained by the higher speed of decrease in bone quality with
increasing age in women than men [16]. Also, this correlation is
higher than the study of L. M. Del Rio et al. [13] which may be
due to the sampling of our study, in that the subjects with health
conditions such as diabetes that could cause discrepancies be-
tween LS-BMD and TBS were excluded [26].
The strengths of this study include the following: a normal
range of TBS was estimated in a general population-
representative sample in a provincial capital city in the south
of Iran. According to the best of our knowledge, this is the first
study to determine the peak of TBS in South West Asia and
North Africa among men and women.
We have some limitations in our study. We determined the
cutoff based on a peakmean of TBS using a statistical method.
For bone health parameters such as TBS, it is better to deter-
mine the cutoff based on clinical outcomes such as fracture of
spines that should be determined in a longitudinal study.
Another limitation of this study was that we did not have the
lumbar spine t-score. In the results of the present study, we
could not use osteoporosis in lumbar spine as a criterion to
determine the cutoff of TBS.
In conclusion, TBS is a parameter for indicating quality of
bone microstructure. It seems that the peak of TBS is observed
in the third decade of age in both genders. The cutoff of TBS
that has been determined in this studywas higher in women than
men. It seems that a longitudinal study may be required with a
larger sample size in each age group to determine the cutoff of
TBS according to clinical outcomes. A definition of a cutoff that
will be accepted globally may help to change the complemen-
tary role of TBS for predicting fractures to a main facture pre-
dictor and may increase the clinical importance of this score.
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Table 4 The means of TBS values and related age and TBS categories for men and women
Gender Age of peak
TBS (Years)
Mean ± SD of TBS TBS category (according to SD)
Men 30.0
(mean in age group 18–30 years)
1.420 ± 0.094 Normal: TBS ≥ 1.326
Partially degraded microarchitecture: 1.231–1.326
Degraded microarchitecture: TBS < 1.231
Women 24.5
(mean in age group 18-24.5 years)
1.428 ± 0.070 Normal: TBS ≥ 1.357
Partially degraded microarchitecture:1.287–1.357
Degraded microarchitecture: TBS < 1.287
TBS; Trabecular Bone Score, SD; standard deviation
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